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ABSTRACT 

Background: Tuberculosis is a major public health problem in India having variety of hematological 

manifestations. Aims: The aim of this study was to investigate the changes of some hematological 

parameters in patients affected with pulmonary tuberculosis (PTB) before and after treatment. Patients 

and Methods: This study was conducted from March 2014 to March 2015 at Chest department of 

Assiut Chest and Al-Azhar University Hospitals on 100 patients whom newly diagnosed PTB (42 males 

and 58 females) have included in present study. All patients underwent plain chest X-ray, sputum 

smear for acid-fast bacilli, CBC and ESR measurements. All the smears were stained with Ziehl 

Neelsen stain by using standard protocol and blood were collected from patient into EDTA containers 

and tested on automated cell counter with complete profile. Results: The study contained 100 cases of 

newly detected Tuberculosis patients out of which 58 were females and 42 were males. Maximum 

number of cases were in second to third decade (47%) of life The commonest hematological findings 

were anemia 100% then raised ESR 97%, followed by, thrombocytosis 61%., neutrophilia 57%, 

leukocytosis 49% and lymphopenia 12%. The commonest peripheral smear picture was microcytic 

hypochromic anemia 55% followed by normocytic normochromic anemia 37% then macrocytic anemia 

(8%) Significant improvements in hematological parameters after treatment of PTB patients. 

Conclusions: patients infected with PTB should be monitored hematologically it will help in diagnosis 

and prognosis of the disease. 

Keywords: Hematological profile – pulmonary tuberculosis – tuberculosis   

INTRODUCTION 

Tuberculosis (TB) is a common infectious 

disease caused by Mycobacterium tuberculosis, 

and despite developments in its diagnosis and 

treatment, it remains an important public health 

problem. The presence of 9 million new TB 

cases has been reported in 2013 and 1.5 million 

TB Deaths [1]. The prevalence rate of TB in 

Egypt was 26 per 100,000 people according to 

the World Health Organization estimate in 

2014, while the incidence rate was 15 per 

100,000 people [1]. 

To control TB efficiently, proper identification 

and cure of infectious pulmonary tuberculosis 

(PTB) patients should be done. In addition, 

monitoring TB patients during treatment is 

important to establish patients’ treatment 

outcomes [3]. 

Hematopoietic system is another organ seriously 

affected by tuberculosis. A variety of 

hematological abnormalities occurred 

association with PTB and these hematological 

changes act as marker for the diagnosis, 

prognosis and response to therapy [4].  

The aim of this study to analysis the 

hematological parameters in patient with 

sputum. smear positive for acid fast bacilli and 

to evaluate their diagnostic and prognostic 

significance during anti-tuberculous therapy. 

PATIENTS AND METHODS 

The study was conducted on 100 patients with 

newly diagnosed PTB based on plain chest X-

ray and positive reaction for acid-Fast bacilli by 

Ziehl Neelsen stain in sputum specimens. The 

patients were selected from Outpatient clinic – 

Chest department of Assiut Chest and Al-Azhar 

University Hospitals from March 2014 to March 

2015. 

Patients with extra-pulmonary TB, chronic renal 

or liver diseases, malignant blood diseases, 

systemic disorder, HIV or old TB with 

multidrug resistance were excluded. All 

procedures were conducted after getting 

permission from Institutional Ethical Committee 

in Assiut Chest Hospital and informed consent 

from TB patient. 

Methods: 

All patients were subjected to the following: 

1. Detailed history taking: with stress on age, 

sex, residence, education, marital status. 

2. General and local examination. 

3. Plain chest x ray: chest x ray done for all 

cases with stress on finding suggests 

tuberculosis such as opacities mainly in the 

upper zone, patchy or nodular opacities, 

bilateral opacities especially if in upper zones 

or persist after several weeks and presence of 

cavity or calcification. 

4. Sputum collection and slide preparation: 

Sputum samples from all suspected TB 

patients were collected in sterile container 

and smears were prepared and stained with 

Ziehl Neelsen stain by using standard 

protocol [5]. 

5. Complete blood cell (CBC) count, 

peripheral blood examination and 

erthrocytic sedimentation rate (ESR) 

measurement: Volume of 2.5 ml Blood 
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samples were collected from patient into 

Ethylene Di-amine Tetra-acetic Acid (EDTA) 

containers and tested on automated cell 

counter with complete profile including (Hb), 

hematocrit, red blood cell (RBC) count, mean 

corpuscular volume (MCV), mean 

corpuscular hemoglobin (MCH), mean 

corpuscular hemoglobin concentration 

(MCHC), total white blood cells (WBC) 

count and platelet count using Sysmex KN- 

21 N, (manufactured by Sysmex corporation 

Kobe, Japan). 5μL of specimen was used to 

prepare thin blood film for blood cells 

morphology and differential WBC count was 

done by counting 100 WBCs. Remainder of 

2.5 ml of  blood specimen was used to ESR 

measurement by Wintrobe’s method. 

All cases received therapy through directly-

observed therapy short course (DOTS) with 

either observed or packed doses to be received 

at home. Hematological examination was done 

before and after treatment.   

Statistical analysis  

Data were collected and fed to the computer as 

an EXCEL sheet (Microsoft Corporation, 

Redmond, WA, USA), and were validated and 

analyzed by SPSS program version 23 (SPSS 

Inc., Chicago, IL, USA). Descriptive analysis 

was performed. Comparisons were made 

between variables using numbers and 

percentages. The Student t test was used for 

mean comparisons before and after TB 

treatment. Comparisons at p<.05 were 

considered significant.  

RESULTS 

Demographic characteristics of studied cases:  
One hundred patients of PTB were included in 

the study who were sputum positive or 

diagnosed through chest x-ray findings. Out of 

100 patients with mean age 46±17.8 years, 47% 

of them was in 20-40 age group, 42% males and 

58% females (males: females = 1 : 1.38), 66% 

of them was married and most of them were 

rural in residence (74%) (table 1). 

Table (1): Demographic characteristics of 

studied cases 
Character Value 

Age (years): Mean + SD 46±17.8 

Age groups:  

20-40 47.0% 

41-60 31.0% 

61-75 22.0% 

Males/females 42% / 58% 

Married/ Unmarried 66% / 34% 

Rural/ Urban 74% / 26% 

Chest X-ray findings among PTB patients:  
66% of involvement of lesion was unilateral and 

34% were bilateral and extent of lesion was 

found in minimal (39%) and moderate (45%), 

far advance (16%) of patients and involvement 

of zone was found in upper zone (68%) and 

lower zone (8%) and multiple zone (24%) of 

patients cavitatory lesion present in (47%) and 

not present in (53%) from total number 100 

patients (table 2). 

Table (2):X-ray findings among PTB patients 

(total n=100) 
Site of lesion:  

Unilateral 66.0% 

Bilateral 34.0% 

Extent of lesion:  

Minimal 39.0% 

Moderate 45.0% 

Far advance 16.0% 

Involvement of zone:  

Upper zone 68.0% 

Lower zone 8.0% 

Multiple zones 24.0% 

Cavitatory lesion:  

Yes 47.0 % 

No 53.0% 

Hematological findings among PTB patients:  

As regard to type of anemia among PTB 

patients:  Microcytic hypochromic anemia was 

the most common (55%) of patient followed by 

normocytic normochromic anemia (37%) and 

then macrocytic anemia was identified in 8% of 

cases. The severity of anemia was determined as 

the result of hemoglobin level mild (10-13 g/dl), 

moderate (9.9-8.1 g/dl) and severe (<8 g/dl). 

Mild anemia was found in 52% of cases, 

moderate anemia was found in 38% and severe 

anemia was found in 10% of total patients. 

WBC count: 5% had leukopenia (<4x10
3
/ul), 

46% had normal WBC count (4-11x10
3
/ul) and 

49 49% have leukocytosis (>11.0 x10
3
/ul). 

Absolute Neutrophil Count (ANC): 4% had 

neutropenia (<2 x10
3
/ul), 39% had normal ANC 

(2-7x10
9
/L) and 57% had neutrophilia (>7 

x10
3
/ul).  

Absolute Lymphocyte Count: 12% had 

lymphopenia (<1 x10
3
/ul), 82% had normal 

absolute lymphocyte count (1-3 x10
3
/ul) and 6% 

had lymphocytosis (>3 x10
3
/ul). 

Platelets count among PTB Patients: 4% had 

thrombocytopenia (<150 x10
3
/L), 35% had 

normal platelets count (150-400 x10
3
/L) and 

61% had thrombocytosis (>400 x10
3
/L). 

ESR levels of all PTB patients in the study. 

Normal ESR level is 0-20 mm/hr in 3% of 

cases. Most of the PTB patients (97%) had ESR 

more than 20 mm/hr (table 3).  

Hematologic parameters among PTB 

patients before and after treatment:  

As regard to differences in hematologic 

parameters among PTB patients before and after 

treatment: There were significant improvements 

in Hb, hematocrit, RBCs, MCV, MCH and 

MCHC among PTB patients after treatment 

compared to before treatment with p<0.01. 
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There were significant decreased in total WBC, 

ANC and absolute lymphocyte count among 

PTB patients after treatment compared to before 

treatment with p<0.01. 

Also, there were significant decreased in 

platelets count and ESR among PTB patients 

after treatment (266.7±83.7 x10
3
/ul, 43.2±11.8 

mm/h) compared to before treatment 

(301.7±89.03 x10
3
/ul, 96.02±16.8 mm/h) with 

p=0.0046 and p<0.001 for platelets and ESR 

respectively (table 4). 

Table (3): Hematological findings among 

PTB patients (total n=100) 
Type of anemia: % 

Normocytic normochromic anemia 37% 

Microcytic hypochromic anemia 55% 

Macrocytic anemia 8 % 

Severity of anemia:  

Mild (10-13) g/dl 52% 

Moderate ( 8.1-9.9) g/dl 38% 

Severe (< 8g/dl) 10% 

White blood cell count:  

Normal (4-11x10
3
/ul) 46% 

Leukocytosis (>11x10
3
/ul) 49% 

Leukopenia (<4x10
3
/ul) 5 % 

Absolute neutrophil count:  

Normal (2-7x10
3
/ul) 39% 

Neutrophilia (>7 x10
3
/ul) 57% 

Neutropenia( <2 x10
3
/ul) 4 % 

Absolute lymphocyte count:  

Normal (1-3x10
3
/ul) 82% 

Lymphocytosis (>3 x10
3
/ul) 6 % 

Lymphopenia (<1 x10
3
/ul) 12% 

Platelets count:  

Normal (150-400 x10
3
/ul) 35% 

Thrombocytosis (>400 x10
3
/ul) 61% 

Thrombocytopenia (<150 x10
3
/ul) 4 % 

ESR  (mm/hour)  

< 20 3 % 

20 - 40 10 % 

40 - 60 31 % 

60 - 80 23 % 

80 – 100 24 % 

> 100 9 % 

Table (4): Comparison of hematologic 

Parameters among PTB patients before and 

after treatment (Total n=100) 

Parameters 

PTB 

before 

treatment 

PTB 

after 

treatment 

P-value 

Hb (g/dL) 10.24±1.55 11.58±1.49 <0.001* 

Hematocrit (%) 33.6±2.56 37±2.24 <0.001* 

RBCs (x10
6
/ul) 4.1±0.47 4.7±0.46 <0.001* 

MCV (FL) 73.3±7.6 78.07±8.4 <0.001* 

MCH (Pg) 25.39±3.6 26.8±3.5 0.005* 

MCHC (g/dL) 31.83±3.8 33.84±3.6 0.0002* 

Total WBC count (x10
3
/ul) 9.12±4.47 6.66±3.55 <0.001* 

Absolute neutrophil count 

(x10
3
/ul) 

4.6±1.03 3.9±0.66 <0.001* 

Absolute lymphocyte count 

(x10
3
/ul) 

1.9±0.31 1.6±0.46 <0.001* 

Platelets (x10
3
/ul) 301.7±89.03 266.7±83.7 0.0046* 

ESR (mm/hour) 96.02±16.8 43.2±11.8 <0.001* 

*PTB: Pulmonary Tuberculosis  

**Statistically significant difference (p<0.01). 

DISCUSSION 

Our study showed that while the higher 

incidence of tuberculosis occurred between the 

age of (20-40) years old in the truly diagnosed 

cases, the mean age of patients was (46±17.8). 

This finding was in line with previous study by 

Amin et al. and Ullah et al. who reported the 

tuberculosis as a disease of adult productive age 

group of 20-50 years [6,7]. In the Ige and 

Akindele study, 73.2% of the patients were 

between the ages of 20 years and 49 years [8]. 

The same results were reported by Zedan et al. 

who found that the main age in their study was 

37.5±16 years [9]. Multiple studies conducted in 

Egypt revealed TB was common in the middle-

aged group (from 15 years to 40 years) with the 

lowest prevalence was in the extremes of age 

(those < 15 years and those > 60 years) [10-13]. 

Higher female affection by TB in our study was 

in a line with several studies who also reported a 

higher percentage of women compared with 

men [7,9,14-17].  

Against our findings, results obtained by 

previous studies [4, 12, 18-20] they reported TB 

was more common among men than women. 

Higher percentage of women in our study could 

be attributed to less access by female to 

hospitals, least health diagnostic facilities at 

door steps, communal living life style of female 

in rural settings and illiteracy in female 

population in our society. The women also 

remain neglected in our society in term of 

treatment as they are mostly confined to be 

household women, maximizing the chances of 

more contacts with infected carrier. 

In the current study, 74% of patients were from 

rural areas and 26% were from urban areas. 

Various studies have reported similar findings 

[21-23]. Increased TB cases in rural areas could 

be explained by poverty, bad social conditions, 

milk sanitation, and occupational exposure to 

infected animals. Moreover, it may be due to 

increased notification of rural cases as a result 

of improved access to health care services and 

the implementation of DOTS [24]. Other studies 

found that urban cases were significantly higher 

than rural cases [12,25]. They explained this 

result by demographic changes like increasing 

life expectancy, population growth, and 

deterioration of living conditions in urban areas 

like overcrowding. Also, it may be due to the 

shift of people from rural to urban areas. 

Many markers of acute inflammation are 

available to assess activity and monitoring of 

PTB, but specific markers are expensive and 

cannot be done routinely. Hematological 

changes have been documented in PTB 

infection [26]. CBC is a simple laboratory test 

and ESR levels are readily measured by simple 

hematology methods and are indicators of PTB 
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activation. In this study, the severity of anemia 

was determined as the result of hemoglobin 

level in which (52%) of total patients have mild 

anemia and, (38%) have moderate anemia and 

only, (10%) of patients have severe anemia. 

Microcytic anemia was the most common 

(55%) of patient and normocytic anemia was 

next common was identified in 37% while 

macrocytic anemia was identified in 8 (8.0%). 

This study agrees with study done by Al-Omar 

et al. and Bashir et al [27,28].. Also in Banerjee 

et al. study, normocytic anemia was the most 

common type (65.16%) followed by microcytic 

anemia (29.67%) patients [4]. 

Means and Nemeth et al. explain the mechanism 

behind the occurrence of anemia in PTB 

patients, saying that the invasion of bacteria 

leads to activation of T-lymphocytes and 

macrophages, which induce the production of 

the cytokines like interferon gamma (INF-

gamma), tumor necrosis factor-alpha (TNF-

alpha), interleukin-1 (IL-1) and interleukin-6 

(IL-6) which with their products will cause 

diversion of iron into iron stores in the reticulo-

endothelial system resulting in decreased iron 

concentration in the plasma thus limiting it’s 

availability to red cells for hemoglobin 

synthesis, inhibition of erythroid progenitor cell 

proliferation and in appropriate production and 

activity of erythropoietin, the first leads to 

anemia and the latter two result in suboptimal 

response of the bone marrow to the anemia 

[29,30]. 
The commonest WBCs abnormalities in our 

study, were neutrophilia 57%, leukocytosis 49% 

and lymphopenia 12%. The occurrence of 

leukocytosis and neutrophilia were similar to 

other studies and are thought to be the immune 

responses to tuberculosis [32-34]. Compared to 

our findings, Banerjee et al. found leukocytosis 

in 28.63% cases, leucopenia in 2.20% cases, 

neutrophilia in 66.15% cases, lymphocytosis in 

21.53% cases, and eosinophilia in 4.61% cases 

[4]. 
Our study noted thrombocytopenia in 3% of 

PTB. In agree with our result, Yaranal et al. and 

Banerjee et al. noted thrombo-cytopenia in 9 

and 5% cases respectively [4,20]. Varied 

mechanisms like drugs immune mechanisms, 

bone marrow fibrosis, granulomatous 

involvement of bone marrow and hypersplenism 

have all been put forward as possible causal 

factors for thrombocytopenia [34].  

Our study noted thrombocytosis in 61% cases. 

Yaranal et al. noted thrombocytosis in 24% 

cases [20]. Morris et al. noted thrombocytosis in 

50% cases in PTB [31]. Banerjee et al. noted 

thrombocytosis in 17.62% cases [4]. The cause 

for thrombocytosis in PTB is not clear but IL-6 

and other mediators may be the cause for 

thrombocytosis as they promote platelet 

production [35] or due to increased 

thrombopoietic factors as an inflammatory 

response [4]. 

The ESR, a sensitive but not a specific measure 

of the inflammatory response. In this study ESR 

was elevated in 97% of patients. An ESR value 

exceeding 100 mm/h has a 90% predictive value 

for serious underlying disease, such as infection. 

In agree with our finding, Banerjee et al and 

Yaranal et al noted raised ESR in 99 and 98% of 

cases respectively [4,20]. 

As regard to differences in hematologic 

parameters among PTB patients before and after 

treatment: There were significant improvements 

in Hb, hematocrit, RBCs, MCV, MCH and 

MCHC among PTB patients after treatment 

compared to before treatment with p<0.01. 

These results were in agree with study carried 

by Yaranal et al and Al-Omar et al [20,27]. 

There were significant decreased in total WBC, 

ANC and absolute lymphocyte count among 

PTB patients after treatment compared to before 

treatment with p<0.01. These results similar 

with several studies [27,33], they reported 

neutrophilia and lymphocytosis are associated 

with acute inflammation and TB infection. 

Also, there were significant decreased in 

platelets count among PTB patients after 

treatment (266.7±83.7 x10
3
/ul) compared to 

before treatment (301.7±89.03 x10
3
/ul) with 

p=0.0046. This is compatible with Al-Omar et 

al. who founded in their study that platelet count 

was elevated in PTB which is well influenced 

and corrected by using different combinations 

of anti-TB drugs [27]. Also Jemikalajab and 

Okogun are on the same wave length in their 

study in which they state that: in PTB, platelet is 

an essential hematological index and it is a 

regular feature in assessment of prognosis of the 

disease [36]. 

Also, there were significant decreased in ESR 

among PTB patients after treatment (43.2±11.8 

mm/h) compared to before treatment 

(96.02±16.8 mm/h) with p<0.001. 

These findings are fully supported by different 

reports and studies specifying high ESR levels 
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in newly diagnosed and normal levels at the end 

of treatment of PTB patients like Al- Omar et al. 

who stated that: ESR were elevated in PTB 

which is well influenced and corrected by using 

different combinations of antituberculosis drugs 

[27], other study says: ESR was significantly 

higher in PTB patients than controls, there was a 

significant reduction in the ESR from the 4th. 

week of therapy and other one says: statistically 

significant hematologic abnormalities like high 

ESR founded in PTB patients in Nigeria [37]. 

CONCLUSIONS 

This study shows females were more infected 

than males in which 20-40 years' age group was 

common among them hematological 

abnormalities were common, mild normocytic 

anemia was frequently encountered in patients 

with PTB. Degree of anemia, leukocytosis, 

thrombocytosis and ESR was improved in PTB 

patients after TB treatment. So, patients infected 

with TB should be monitored hematologically, 

it has a diagnostic and prognostic significance 

during anti-tuberculous therapy.  
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